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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to equipment in the field 5 
of optical communication networks and, more particu- 
larly, to a wavemeter and an arrangement for the adjust- 
ment of the wavelength of the signals of a laser source. 

BACKGROUND OF THE INVENTION 

[0002] Basically, in optical communication networks 
information is transmitted by use of a light source (trans- 
mitter), an optical fiber and an optical receiver. Typical 
wavelengths used for optical communication are wave- 
lengths in the range of 850 to 1650 nm, and particularly 
laser diodes with a wavelength in the range of 850 nm, 
1300 nm and 1550 nm are used as light sources. 
[0003] In wavelength-division-multiplexing (WDM) 
optical communication systems, information is transmit- 
ted simultaneously by a set of laser sources, each gen- 
erating coherent light with a different wavelength (opti- 
cal communication channels). Since the bandwidth of 
optoelectronic transmitters and receivers is limited, nar- 
row channel spacing (typically 1 .6 nm) is needed to in- 
crease the transmission capacity by using a multiplicity 
of communication channels. Particularly, in WDM sys- 
tems there is a need to adjust the wavelength of each 
laser source very precisely to avoid channel interferenc- 
es at narrow channel spacing etc. 
[0004] To adjust the wavelength of the signals of a la- 
ser source, it is known to use an expensive and very 
precisely measuring wavemeter comprising a well-ad- 
justed and complex mechanical arrangement. The 
wavelength of the signals of the laser source is meas- 
ured, compared with a desired value by a controller, 
such as a PC, and the wavelength of the signals of the 
laser source is automatically adjusted to the desired 
wavelength. 

[0005] WO 95/02171 discloses a Fourier-transform 
spectrometer that contains a birefringent optical compo- 
nent, removing the need for a Michelson interferometer 
used in conventional instruments. A suitable birefringent 
element, such as a Wollaston prism, is used to introduce 
a path difference between two light polarisations. Use 
of an extended light source so that all areas of the bire- 
fringent component are illuminated simultaneously en- 
sures that different positions on the birefringent compo- 
nent correspond to different path differences between 
the two polarisations. A Fourier-transform of the result- 
ing interferogram at the detector results in the spectral 
distribution of the input light being obtained. The use of 
an extended light source permits a Fourier-transform 
spectrometer with no moving parts to be achieved. 
[0006] P. Juncar et at: "A new method for frequency 
calibration and control of a laser", OPTICS COMMUNI- 
CATIONS, Vol. 14, No. 4, August 1975, Amsterdam NL, 
pages 438-441, XP002041763 discloses a method for 



high-precision measurement of the wavenumber of 
monochromatic radiation emitted by a single-mode tun- 
able laser. The described apparatus allows a direct 
measurement of the wave number, and serves as a ref- 
erence for the stabilization and piloting of the laser fre- 
quency. 

[0007] WO 95/201 44 discloses an optical wavelength 
sensor which consists of a wedge shaped Fabry Perot 
etalon which exhibits resonance for different optical 
wavelengths across its width, and an array of detectors 
that detects the spatial disposition of resonant peaks 
which occur in the etalon, for comparison with stored 
peak patterns in a processor, so as to determine the 
spectral content of the incident light from an optical fiber. 
[0008] WO 95/1 0759 discloses a spectral wavelength 
discrimination system and method, which allow the 
wavelength of a beam of radiation to be accurately de- 
termined. The system comprises an optical system for 
gathering and directing received radiation; a wavelength 
selective beamsplitter, termed a Linear Wavelength Fil- 
ter, for directing predetermined fractions of the beam at 
each wavelength into each of two output beams; a de- 
tector for receiving each output beam to sense the in- 
tensity of each output beam; and a computer for deter- 
mining the wavelength of the received radiation. Inten- 
sity measurement of the output beams and selected 
system parameters, including the beamsplitter spectral 
characteristics and detector sensitivity characteristics 
are unsed in a special algorithm for performing Fourier 
based wavelength-dispersive analysis. The unique so- 
lution of the Fourier based analysis is the wavelength of 
the beam of radiation. 

[0009] It is an object of the present invention to pro- 
vide an inexpensive wavemeter, which is insensitive to 
a large extent against adverse influences under condi- 
tions to be met in practice. 

[001 0] Another object of the invention is to provide an 
inexpensive arrangement for the automatic adjustment 
of the wavelength of the optical signals of a laser source. 

SUMMARY OF THE INVENTION 

[001 1] The object of the invention is solved by the in- 
dependent claims. Preferred embodiments are shown 
by the dependent claims. 

[0012] The optical power of an optical source can be 
measured precisely and inexpensively by use of a photo 
detector, such as a photo diode. A wavemeter in which 
the entire optical beam to be measured or a part of it is 
directed on an optical component generates an optical 
beam with an optical power that depends on the wave- 
length of the incident beam to be measured. After cali- 
bration of the wavemeter, the optical power of the beam 
generated by the optical component is measured by a 
photo detector, the measured value of the optical power 
is compared with the power values of the calibration da- 
ta of the wavemeter, and the wavelength in the calibra- 
tion data corresponding to the measured value of the 
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optical power is determined. Accordingly, an inexpen- 
sive and precise measurement of the wavelength of the 
signals of an optical source, such as a laser source, can 
be carried out by the measurement of an optical power. 
[0013] Etalons are plane parallel plates of glass or 5 
fused quartz with reflecting surfaces. The etalon is ar- 
ranged in the optical beam to be measured or in a part 
of this beam and the etalon generates an optical signal, 
whose optical power depends on the wavelength of the 
optical beam to be measured. After calibration, the op- 
tical power can be measured by use of a photo detector 
and the wavelength corresponding to the measured op- 
tical power is determined. 

[0014] Etalons show a dependency of the generated 
optical power, which oscillates with increasing wave- 
length of the incident optical beam. Generally, etalons 
show a dependency of the generated optical power ver- 
sus wavelength, which can be described by the use of 
trigonometric functions, particularly by a sine or cosine 
curve. The dependency is increased by using etalons 
with high reflecting surfaces. 

[001 5] If the mathematical description of the depend- 
ency of optical power versus wavelength is known or 
determined, the effort to be spent for calibration and de- 
termining the calibration data of the specific wavemeter 
with etalons or a birefringent optical component can be 
drastically reduced to the determination of a few calibra- 
tion data or a few points on a calibration curve. After- 
wards, these calibration data or the few points on a cal- 
ibration curve are used to determine the missing cali- 
bration data or points on the calibration curve for the 
specific wavemeter by the aid of well-known mathemat- 
ical interpolation techniques. 

Particularly, a calibration is necessary due to tolerances 
of the dimensions of the etalons and the arrangement 
of the other optical components of a wavemeter. 
[0016] Since the proposed optical components allow 
to build precise wavemeters either with two etalons or 
with a single birefringent optical component, which have 
very small dimensions, the wavemeter according to the 
invention can be entirely kept at a predetermined tem- 
perature under operating conditions by use of a Peltier 
element or any other cooling unit. This allows reproduc- 
ible measurements of the wavelength. Preferably, cali- 
bration data are determined for this predetermined tem- 
perature. 

[0017] In addition, the wavemeter according to the in- 
vention does not comprise components that are moved 
during operation of the wavemeter. In comparison to 
known wavemeters, which comprise such components, 
negative mechanical influences during operation of the 
wavemeter do not influence the measurement of a 
wavelength to a large extent. 

[0018] In one embodiment of the invention a data 
processor is used to compare the detected optical pow- 
er value with the power data of the calibration data or 
the calibration curve and the data processor allocates 
the corresponding wavelength, which may be displayed 



to an operator and/or may be used to control the wave- 
length of the optical signals of the optical source. Since 
the wavemeter according to the invention has very small 
dimensions, it can be implemented in an optical source 
for the control and/or the stabilization of its wavelength. 
[001 9] One embodiment of the wavemeter according 
to the invention comprises photo detectors for detecting 
the optical power of the beam, or a part of it, directed on 
the etalons. Instead of using the detected power gener- 
ated by the etalons directly for the determination of the 
corresponding wavelength, the ratio of the detected 
power generated by the etalons and the optical power 
of the beam or of a part of it being directed on the etalons 
is used. By this normalization according to the invention, 
it can be avoided that a variation of the optical power 
generated by the optical source influences the precision 
of the measurement of the wavelength and a correct al- 
location of the detected optical power generated by the 
etalons to a value of the calibration data or curve can 
take place. It is understood and expressly noted that 
when making use of this preferred embodiment, calibra- 
tion is carried out by making use of the mentioned ratio 
of the detected power generated by the etalons and the 
optical power of the beam or of a part of it being directed 
on the etalons. 

[0020] In an alternative of the invention, the second 
etalon in the second measurement channel has a differ- 
ent optical thickness with regard to the first etalon in the 
first measurement channel. Preferably, like the first 
etalon, the second etalon is provided with reflecting sur- 
faces to increase the precision of the wavelength meas- 
urement. 

[0021] A part of the optical beam from the optical 
source is directed on the second etalon, which like the 
first etalon, is characterized by generating a beam with 
an optical power depending on the wavelength of the 
incident beam. Another part of the optical beam from the 
optical source is directed on the first etalon. According 
to the invention, the second etalon generates an optical 
beam that comprises retardation relative to the optical 
beam generated by the first etalon. Preferably, the sec- 
ond etalon is chosen according to the invention, which 
is characterized by a retardation (phase shift) of rc/4 x 
N; N = 1, 3, 5 ... for the electrical field resulting in a tc/2 
phase shift of the optical power intensity. 
[0022] Like in the first channel, the detected optical 
power of the second channel is preferably normalized 
by the detected optical power of the beam or a part of it 
which is directed on the second etalon to eliminate in- 
fluences from a variation of the power of the optical 
source. In addition, calibration is carried out like for the 
first channel. Preferably, the normalized dependency of 
optical power versus wavelength of both channels is 
used to determine the ratio of the optical power in the 
first channel and the optical power in the second chan- 
nel versus wavelength. 

[0023] When using etalons in the first and second 
channel and for the preferred retardation of rc/4, the ratio 
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can be described by a tangent-function, while the nor- 
malized optical power in the first channel can be de- 
scribed by a sine function and the normalized optical 
power in the second channel can be described by a co- 
sine function. The use of a further channel and the re- s 
tardation of rc/4 allows to calibrate the wavemeter ac- 
cording to the invention by the aid of a tangent-function. 
Within the free spectral range (FSR) of 2 tc, the tangent 
function is a steep straight-line (in other words it is a line 
with a strong gradient), which does not compromise re- 10 
versal points like the sine- or cosine-function. Accord- 
ingly, calibration can be carried out by the measure- 
ment/determination of the ratio of the optical power in 
the first and second channel for a few different wave- 
lengths. The power ratio for the wavelengths not meas- is 
ured/determined can be easily interpolated by well- 
known mathematical techniques. In addition, the use of 
a tangent-function for calibration of the wavemeter ac- 
cording to the invention allows more easily to allocate 
the correct wavelength to the measured/determined op- 20 
tical powers in both channels, which results in a very 
precise measurement of the wavelength of the optical 
signals generated by the optical source. 
[0024] In a second, preferred alternative of the inven- 
tion for providing a first and second measurement chan- 25 
nel, only a single birefringent optical component, such 
as a retardation plate or a waveplate, comprising a "fast 
axis" for light with a first polarization axis and a "slow 
axis" for light with a second polarization axis is used. 
The optical beam or a part of it whose wavelength shall 30 
be measured/determined passes the single birefringent 
optical component and a polarization beamsplitter ar- 
ranged behind the single birefringent optical component 
separates the light from the single birefringent optical 
component into two beams according to the said polar- 35 
izations. The use of a single birefringent optical compo- 
nent with a fast and a slow axis instead of a solution with 
two physically separated etalons allows a further reduc- 
tion of the dimensions of the wavemeter according to 
the invention. In addition, such single birefringent optical *o 
component, like a waveplate or retardation plate, is 
available for a reasonable prize and the combination in 
a single component has the further advantage that the 
amount of components of a wavemeter can be reduced. 
This allows an easier adjustable arrangement. As the *s Fig. 1 
embodiment of the invention comprising two separated 
etalons, the single birefringent optical component pref- 
erably is chosen to cause a retardation (phase shift) of Fig. 2 
jc/4 for light with a first polarization axis (in the first meas- 
urement channel) relative to light with a second polari- so 
zation axis (in the second measurement channel) or of 
rc/4 x N; N = 1, 3, 5, ... Such a birefringent optical com- 
ponent is also known as a 71/8-waveplate. To achieve a 
phase shift of over a large wavelength range it is 
preferred to choose N = 1. In this case the birefringent ss 
optical component is also known as a zero-order wave- 
plate. 

[0025] It will be understood and is expressly noted 



that normalization and calibration by use of a tangent 
function, when using two physically separated etalons, 
also applies to the use of a single birefringent optical 
component for providing a second measurement chan- 
nel. As mentioned before, the surfaces of the birefrin- 
gent optical component are preferably coated with a 
high reflecting coating to increase the wavelength sen- 
sitivity. 

[0026] The invention further proposes an arrange- 
ment for the adjustment of the wavelength of a laser 
source, which comprises a wavemeter according to the 
invention, a comparator, and a tuning unit. The present 
wavelength of the signals of an optical source, such as 
a laser source, is measured by the wavemeter and com- 
pared by the comparator with a preadjusted or desired 
wavelength. If the wavelength deviation exceeds a cer- 
tain amount, the comparator causes the tuning unit to 
change the adjustment of the laser source to generate 
an optical beam with the desired or the preadjusted 
wavelength. 

[0027] According to one embodiment of the invention, 
where a laser diode is used, a comparator generates a 
control signal changing the drive current of the laser di- 
ode or preferably, changing the temperature of the laser 
diode and/or changing another appropriate parameter 
of the laser diode. For changing the temperature of the 
laser diode a Peltier element may be used. 
[0028] According to another embodiment of the inven- 
tion, where the wavelength of an external cavity laser 
(ECL) is controlled by the arrangement according to the 
invention, the tuning unit triggers the adjustment of the 
dimension of the cavity and/or the position of a wave- 
length sensitive filter in the laser cavity and thereby ad- 
justs the wavelength of the signals of the laser source 
to a desired or preadjusted value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] For better understanding of the present inven- 
tion, together with other and further objects, advantages 
and capabilities thereof, reference is made to the ac- 
companying drawings, which are incorporated herein by 
reference and in which: 



is a wavemeter according to the 
invention, 

is an arrangement for the control 
of the wavelength of the optical 
signals of a laser source, 

shows the principle of the inven- 
tion, when using two physically 
separated etalons E 1 and E 2, 

is the principal of the invention, 
when using a single birefringent 
optical component as in the 



Fig. 3 



Fig. 4 
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wavemeter shown in Fig. 1, 

Figs. 5, 6 and 7 depict measurement data for the 
calibration of the wavemeter as 
shown in Fig. 1 . 5 

[0030] A wavemeter according to Fig. 1 comprises a 
housing 8 t an entrance window 15, a beamsplitter 7 
(5%), a beamsplitter 6 (50%), a birefringent retardation 
plate 1, a polarization beamsplitter 2, a photo diode 3, 
a photo diode 4, a photo diode 5, an electric circuit 9, a 
connector 10 to a data processor (not shown) and an 
exit window 1 6. 

[0031] A beam of coherent light from an optical source 
(not shown) is led to a beamsplitter 7, directing about 
5% of the incoming coherent light into the wavemeter 
for measuring the wavelength of the incoming beam. On 
its way to the beamsplitter 7, the beam passes an optical 
fiber 11 , a micro-objective 1 3, a polarizer 14 and an en- 
trance window 15. The end of the optical fiber 11 adja- 
cent to the wavemeter is in the focus of the micro-ob- 
jective 13 and the micro-objective generates a parallel 
beam which is directed to the beamsplitter 7. The beam- 
splitter 7 directs about 5% of the incoming beam to the 
beamsplitter 6, which directs about 50% of the beam to 
the photo diode 5 detecting the optical power entering 
the arrangement for the measurement of the wave- 
length. 

[0032] The other 50% of the beam's light power, com- 
prising light with a first and a second polarization, pass- 
es the beamsplitter 6 and reaches the retardation plate 
1 . The retardation plate is chosen so that it causes a 
retardation of A/8 corresponding to a phase shift of rc/4 
for the light with the first polarization with regard to the 
light with the second polarization. The retardation plate 
1 comprising a "fast axis" and a "slow axis" retards light 
with a polarization being parallel to the slow axis by rc/4 
relative to light with a polarization being parallel to the 
fast axis. 

[0033] The beam passing the retardation plate 1 
reaches the polarization beamsplitter 2 separating the 
recombined beam from retardation plate 1 into two 
beams each having different states of polarization cor- 
responding to the said polarization of the retardation 
plates. The first beam from polarization beamsplitter 2 
is focused on the photo diode 4 while the second beam 
from polarization beamsplitter 2 is focused on the photo 
diode 3. Each of the photo diodes 3 and 4 detect the 
presence of a beam and generate an electrical current 
which depends on the optical power of the light reaching 
the photo diodes 3 and 4 respectively. The electrical cur- 
rent of each of the photo diodes 3, 4 and 5 is applied to 
an electric circuit 9. The electric circuit 9 is built up with 
operational amplifiers, which amplify the electric current 
generated by the photo diodes. The electric circuit 9 
comprises electrical connections to a connector 10 
which connects the outputs of the electric circuit 9 with 
a data processor (not shown). 



[0034] The wavelength of the optical beams from the 
retardation plate 1 depends on the optical power of the 
beam measured by the photo diodes 3, 4 and 5 as will 
be explained in more detail by Figs. 4, 5, 6 and 7. 
[0035] An arrangement according to the invention for 
the adjustment of the wavelength of a laser source is 
shown in figure 2 in schematic view. The arrangement 
comprises a laser source 30, a calibrated wavemeter 
WM as shown in Fig. 1 and indicated by its housing 8, 
a comparator 32 and a controller 33. The output signal 
of laser source 30 passes the beamsplitter 7 of the 
wavemeter in Fig. 1 and about 5% of the light power of 
the output signal reaches the wavemeter according to 
the invention as explained with regard to Fig. 1 . After 
calculating the present wavelength by a data processor 
(not shown), the present wavelength is compared with 
the preadjusted wavelength of the laser source 30 by a 
comparator 32. In case that the deviation between pre- 
adjusted and present wavelength exceeds a predefined 
amount, the comparator 32 generates an error signal, 
which may depend on whether the present wavelength 
is too large are too small in comparison to the preadjust- 
ed wavelength. The error signal triggers a controller 33 
generating a control signal which causes the laser 
source to increase or decrease the wavelength of the 
generated output, depending on the deviation between 
present and preadjusted wavelength. 
[0036] In order to avoid negative thermal influences 
caused by temperature changes of the environment in 
which the wavemeter according to the invention may be 
used, the wavemeter according to Fig. 1 is provided with 
a temperature stabilization, such as a peltier cooler (not 
shown). The peltier cooler is in thermal connection with 
the housing 8 of the wavemeter, which preferably is 
made of steel, and the cooler stabilizes the temperature 
within a range of about ±0.1 ° C around a preadjusted 
temperature. 

[0037] Fig. 3 shows the principle of a wavemeter ac- 
cording to the invention, when using two physically sep- 
arated etalons E 1 and E 2 instead of the single birefrin- 
gent optical component as shown in 1 in Fig. 1 . Later 
on, by Fig. 4 the more complex principle of the wavem- 
eter comprising a single retardation plate 1 as shown in 
Fig. 1 will be explained. An optical beam l jn , whose 
wavelength shall be measured is separated by a beam- 
splitter BS into two beams. 

The first beam k 1 is directed on the etalon E 1, is mul- 
tiple times reflected within the etalon E 1 and the optical 
beam from E 1 is designated with I v The second beam 
K 2 is directed on the etalon E 2, is multiple times reflect- 
ed within the etalon E 2 and the optical beam from E 2 
is designated with I 2 . The light intensity or optical power 
of the beams ^ and l 2 depends on the wavelength of 
the beam I m . The result of a conversion of the beams 
\ A and l 2 by the aid of photo diodes 3 and 4, shown in 
Fig. 1 , is an electrical current with a dependency of the 
electrical current on the wavelength of the beams such 
as shown in the two diagrams of Fig. 5. With increasing 
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wavelength the electrical current generated by the photo 
diodes 3 and 4 oscillates and the dependency of the 
electrical current on the wavelength of the beams can 
be described by a sine- or cosine-function. 
[0038] Accordingly, after calibration, by the measure- 
ment of the electrical current generated by a photo di- 
ode, which is arranged in the beam \ A or l 2 , the wave- 
length of the beam being directed on the photo diode 
can be determined by a comparison of the calibration 
data (electrical current as a function of the wavelength) 
with the measured electrical current and by allocating 
the corresponding wavelength on the basis of the cali- 
bration data. Because of the periodicy of the dependen- 
cy of the electrical current on the wavelength of the 
beam (to be seen from Fig. 5), a correct allocation of the 
wavelength corresponding to the measured electrical 
current, can only be made if the measured wavelength 
is within the so called free spectral range (FSR) and one 
knows in which wavelength range (FSR) the measured 
wavelength can be expected. 

[0039] In order to increase the accuracy of the wave- 
length measurement, two etalons E 1 and E 2 are used 
to obtain two measurement channels. Preferably, the 
etalon E 2 causes a phase shift of tc/2 of the intensity of 
the beam l 2 relative to the intensity of the beam l v Ac- 
cordingly, the curve of the electrical current generated 
by the photo diode converting the light intensity of beam 
l 2 versus the wavelength of the beam l 2 comprises a 
phase shift of n/2 relative to such curve for the light in- 
tensity of the beam l v The phase shift tc/2 between the 
two curves of electrical current versus wavelength for 
both channels can be seen from Fig. 5 (in Fig. 5 the 
curve of the electrical current generated by the respec- 
tive photo diode converting the light intensity of the 
beams l 1 and l 2 , is a normalized curve, which means 
that it shows the ratio of measured electrical current and 
the current generated by the photo diode 5 in Fig. 1 to 
obtain a curve which is independent from time depend- 
ent variations of the optical power of the laser source). 
[0040] The use of a second measurement channel 
and the retardation of n/4 of the electrical field allows to 
calibrate the wavemeter with two physically separated 
etalons according to the invention by the aid of a tan- 
gent-function such as shown in Fig. 7 for the wavemeter 
in Fig. 1 making use of a single birefringent optical com- 
ponent. The curve in figure 7 shows the ratio after a few 
mathematical transformations as described with regard 
to Figs. 5 and 6 of the electrical current generated by 
the photo diode in the first measurement channel and 
the electrical current generated by another photo diode 
in the second measurement channel versus wave- 
length. Within the free spectral range (FSR) of 2 jt, the 
tangent function is a line with a strong gradient, which 
does not comprise reversal points like the sine- or co- 
sine-function describing the electrical current generated 
by the photo diodes in the measurement channels ver- 
sus wavelength and shown in Fig. 5 in the normalized 
representation of the light power between a range of 0 



and +1. Fig. 6 shows the curves for the two measure- 
ment channels of figure 5 within a range for the light 
power of -1 and +1, which is obtained from Fig. 5 by 
taking offsets into account. 

5 [0041] A phase difference of the intensity of rc/2 can 
be achieved by multiple reflection of the two optical 
beams within each etalon. Herein the etalons must be 
built up with prisms and the beams must be p- and s- 
polarized corresponding to a reflective surface of the 

10 prisms. The internal angle of incidence must be at an 
appropriate value to achieve the n/2 phase shift per 
round trip. 

[0042] Alternatively, etalon 2 may comprise an optical 
thickness which is enlarged by e/8 relative to etalon 1 
is according to the formula: 

d 2 = 4, + e/8 

20 where: 

d n is the geometric thickness of etalon 1 , 

d 2 is the geometric thickness of etalon 2 and 

e is the expected wavelength of the optical signals 

25 of the optical source. 

[0043] Further, a different material for etalon 2 may 
be chosen which comprises a refractive index given by 
the formula: 

30 

n 2 = n 1 - e/(8 d 2 ) 

where: 

35 

n 2 is the refractive index of etalon 2, 

e is the expected wavelength of the optical signals 

of the optical source and 
d 2 is the geometric thickness of etalon 2. 

40 

[0044] Fig. 4 shows the principle of the invention, 
when using a single birefringent retardation plate 1 as 
in the preferred embodiment of the wavemeter shown 
in Fig 1 . In order to achieve defined conditions, a polar- 

45 izer 1 4 is used at the entrance of the wavemeter, which 
polarizes the incoming beam I in by a certain angular, 
such as by 45 °. A beamsplitter 6 splits the incoming 
beam, directs a part of the beam I mon j t or on the photo 
diode 5 (see Fig. 1 ) and directs the other part of the in- 

50 coming beam on the single retardation plate RP with a 
fast optical axis and a slow optical axis. 
[0045] For easier understanding, the graphical repre- 
sentation of the retardation plate RP in Fig. 4 shows the 
combination of two etalons E 1 and E 2 as in Fig. 3. In 

55 fact, the retardation plate shows a similar optical behav- 
ior as the embodiment of the invention with two etalons, 
since it retards light with a first polarization relative to 
light with a second polarization. The different polariza- 
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tions are indicated by the arrow and the dot in a circle 
shown in the graphical representation of the retardation 
plate RP. Accordingly, for light with a first polarization, 
the retardation plate shows a refractive index n 1t while 
it shows a refractive index n 2 for a second polarization 
due to the fast and slow axis for light with different po- 
larizations. As in Fig. 3, a retardation plate is chosen 
which causes preferably a phase shift between the light 
with a first polarization relative to light with a second po- 
larization of ti/4 or ti/2 according to the beam intensity. 
[0046] The beam leaving the retardation plate 1 with 
a fast and slow axis, is split by a polarization beamsplit- 
ter 2 into two beams ^ and l 2 of different polarization 
corresponding to the said polarization of the retardation 
plates. The beam ^ with a first polarization is directed 
on laser diode 3 (see Fig. 1 ) and the beam I 2 with a 
second polarization is directed on laser diode 4 of Fig. 1 . 
[0047] Figs. 5, 6 and 7 depict measurement/determi- 
nation data obtained during calibration of the wavemeter 
according to Fig. 1. It will be understood that also the 
principle of the invention as shown in Fig. 3 may be used 
without changing the calibration process. For a few 
wavelengths the electrical current generated by the pho- 
to diodes 3, 4 and 5 is measured after amplification by 
operational amplifiers in electric circuit 9. The ratio of 
the electrical current generated by the photo diode 3 and 
the electrical current generated by the photo diode 5 as 
well as the ratio of the electrical current generated by 
the photo diode 4 and the electrical current generated 
by the photo diode 5 is determined. The result of this 
calculation is shown in Fig. 5 for two measurement 
channels for several wavelengths to allow easier under- 
standing, is the ratio of the electrical current gen- 
erated by photo diode 3 in channel 1 caused by beam 
I ! and 1 A) 2 is the ratio of the electrical current generated 
by photo diode 4 in channel 2 caused by beam l 2 and 
normalized to a light power of the respective channels 
in a range of 0 and +1. 

[0048] The result of the calculation shown in Fig. 5 is 
corrected by the offset of the beam intensity according 
to the slow and fast axis of the retardation plate. Finally, 
a tangent-function a of the ratio |i 2 and m within the 
range of -n and +n versus wavelength X of the beam to 
be measured is determined and shown in Fig. 7. 
[0049] From a few measurements and calculations 
with light of different wavelengths, the calibration curve 
as shown in Fig. 7 or a set of calibration data can be 
determined by use of mathematical interpolation tech- 
niques. 

[0050] When measuring the wavelength of an optical 
beam, the same measurements and calculations as de- 
scribed with regard to calibration are carried out and the 
value of tangent-function a is compared with the data of 
the calibration curve as shown in Fig. 7 or with the de- 
termined set of calibration data. The wavelength corre- 
sponding to the value of tangent-function a is allocated 
and is used to control the wavelength of an optical 
source as described with regard to Fig. 2. 



Claims 

1 . A wavemeter for allocating a wavelength to a first 
optical beam, comprising: 

5 

a first optical component (E 1) arranged in the 
first optical beam, or in a part of it, for generat- 
ing a second optical beam with a first optical 
power depending on the wavelength of the first 
10 optical beam, 

a first power detector (3) for detecting the first 
optical power, 

15 a second optical component (E 2) arranged in 

the first optical beam, or in a part of it, for gen- 
erating a third optical beam with a second op- 
tical power depending on the wavelength of the 
third optical beam, whereby the first and sec- 
20 ond optical powers oscillate periodically with in- 

creasing wavelength, and the third optical 
beam being retarded with respect to the second 
optical beam, 

25 a second power detector (4) for detecting the 

second optical power, and 

an allocator for allocating the wavelength to the 
first optical beam based on the ratio of the first 
30 optical power to the second optical power. 

2. The wavemeter according to claim 1 , wherein the 
first optical component is a first etalon (E 1 ), and the 
second optical component is a second etalon (E 2) 

35 retarding the third optical beam with respect to the 
second optical beam. 

3. The wavemeter according to claim 1 or 2, wherein 
the allocator comprises a data processor for com- 
paring the ratio of the first optical power to the sec- 
ond optical power with the specific dependency of 
the optical power on the wavelength of the first op- 
tical component (1), and which allocates the wave- 
length corresponding to the detected optical power. 

45 

4. A wavemeter for allocating a wavelength to a first 
optical beam, comprising: 

a birefringent optical component, such as a re- 
50 tardation plate (1) or a waveplate, arranged in 

the first optical beam, or in a part of it, for gen- 
erating a second optical beam having a first po- 
larization and a first optical power and a third 
optical beam having a second polarization and 
55 a second optical power, whereby the first and 

second optical powers depend on the wave- 
length of the first optical beam and oscillate pe- 
riodically with increasing wavelength, and the 
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third optical beam being retarded with respect 
to the second optical beam, 

a first power detector (3) detecting the first op- 
tical power, 

a second power detector (4) detecting the sec- 
ond optical power, and 

an allocator for allocating the wavelength to the 
first optical beam based on the ratio of the first 
optical power to the second optical power . 

5. The wavemeter according to any one of the above 
claims 1-4, wherein at least one of the first and the 
second power detectors is a photo detector, such 
as a photo diode (3). 

6. The wavemeter according to any one of the above 
claims 1-5, wherein the retardation corresponds to 
a phase shift of the second optical beam with regard 
to the third optical beam of rc/4 of the electrical field. 

7. An arrangement for the adjustment of the wave- 
length of an optical source (30), comprising: 

a wavemeter according to any one of the claims 
1 to 6, 

a comparator (32) for comparing the wave- 
length allocated by the wavemeter to the first 
optical beam with a predefined wavelength, 
and 

a controller (33) for controlling the optical 
source (30) to generate an optical beam with 
the predefined wavelength based on the result 
of the comparison carried out by the compara- 
tor (32). 



Patentanspriiche 

1. Wellenlangenmessgerat, um einem ersten Licht- 
strahl eine Wellenlange zuzuordnen, das Folgen- 
des umfasst: 

eine erste optische Komponente (E1), die im 
ersten Lichtstrahl oder in einem Teil davon an- 
geordnet ist, um einen zweiten Lichtstrahl mit 
einer ersten Lichtleistung zu erzeugen, die von 
der Wellenlange des ersten Lichtstrahls ab- 
hangt, 

einen ersten Leistungsdetektor (3), um die er- 
ste Lichtleistung zu erkennen, 

eine zweite optische Komponente (E2), die im 



ersten Lichtstrahl oder in einem Teil davon an- 
geordnet ist, um einen dritten Lichtstrahl mit ei- 
ner zweiten Lichtleistung zu erkennen, die von 
der Wellenlange des dritten Lichtstrahls ab- 
5 hangt, wobei die erste und die zweite Lichtlei- 

stung periodisch mit ansteigender Wellenlange 
schwingen und der dritte Lichtstrahl in Bezug 
auf den zweiten Lichtstrahl verzogert ist, 

10 einen zweiten Leistungsdetektor (4), um die 

zweite Lichtleistung zu erkennen, und 

einen Zuordner, um die Wellenlange auf der 
Grundlage des Verhaltnisses der ersten Licht- 
15 leistung zur zweiten Lichtleistung dem ersten 

Lichtstrahl zuzuordnen. 

2. Wellenlangenmessgerat nach Anspruch 1, wobei 
die erste optische Komponente ein erstes Eichnor- 
20 mal (E1) ist und die zweite optische Komponente 
ein zweites Eichnormal (E2) ist, das den dritten 
Lichtstrahl in Bezug auf den zweiten Lichtstrahl ver- 
zogert. 

25 3. Wellenlangenmessgerat nach Anspruch 1 oder 2, 
wobei der Zuordner einen Datenprozessor zum 
Vergleichen des Verhaltnisses der ersten Lichtlei- 
stung mit der zweiten Lichtleistung mit der bestimm- 
ten Abhangigkeit der Lichtleistung von der Wellen- 

30 lange der ersten optischen Komponente (1) um- 
fasst, und dieserdie Wellenlange entsprechend der 
erkannten Lichtleistung zuordnet. 

4. Wellenlangenmessgerat zum Zuordnen einer Wel- 
35 lenlange zu einem ersten Lichtstrahl, das Folgen- 
des umfasst: 

eine doppelt brechende optische Komponente, 
wie etwa ein Verzogerungsschild (1) oder ein 

40 Wellenschild, die im ersten Lichtstrahl oder in 

einem Teil davon angeordnet sind, um einen 
zweiten Lichtstrahl, der eine erste Polarisation 
und eine erste Lichtleistung hat, und einen drit- 
ten Lichtstrahl zu erzeugen, der eine zweite Po- 

45 larisation und eine zweite Lichtleistung hat, wo- 

bei die erste und die zweite Lichtleistung von 
der Wellenlange des ersten Lichtstrahls abhan- 
gen und periodisch mit ansteigender Wellen- 
lange schwingen und der dritte Lichtstrahl in 

so Bezug auf den zweiten Lichtstrahl verzogert ist, 

einen ersten Leistungsdetektor (3), der die er- 
ste Lichtleistung erkennt, 

55 einen zweiten Leistungsdetektor (4), der die 

zweite Lichtleistung erkennt, und 

einen Zuordner, um die Wellenlange auf der 
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Grundlage des Verhaltnisses der ersten Licht- 
leistung zur zweiten Lichtleistung dem ersten 
Lichtstrahl zuzuordnen. 

Wellenlangenmessgerat nach einem beiiebigen der 
vorstehenden Anspruche 1 bis 4, wobei mindestens 
einer der ersten und zweiten Leistungsanzeiger ein 
Fotodetektor ist, wie etwa eine Fotodiode (3). 

Wellenlangenmessgerat nach einem beiiebigen der 
vorstehenden Anspruche 1 bis 5, wobei die Verzo- 
gerung einer Phasenverschiebung des zweiten 
Lichtstrahls in Bezug auf den dritten Lichtstrahl von 
7i/4 des elektrischen Feldes entspricht. 

Anordnung zum Anpassen der Wellenlange einer 
Lichtquelle (30), die Folgendes umfasst: 

ein Wellenlangenmessgerat nach einem beiie- 
bigen der Anspruche 1 bis 6, 

eine Vergleichseinrichtung (32) zum Verglei- 
chen der durch das Wellenlangenmessgerat 
dem ersten Lichtstrahl zugeordneten Wellen- 
lange mit einer vorher definierten Wellenlange, 
und 

eine Steuerung (33) zum Steuern der Licht- 
quelle (30), urn einen Lichtstrahl mit der vorher 
definierten Wellenlange zu erzeugen, die auf 
dem Ergebnis des Vergleiches beruht, der von 
der Vergleichseinrichtung (32) vorgenommen 
worden ist. 



Revendications 

1 . Ondemfctre pour attribuer une longueur d'onde a un 
premier faisceau optique, comprenant : 

un premier composant optique (E1) dispose 
dans le premier faisceau optique ou dans une 
partie de celui-ci, pour generer un second fais- 
ceau optique ayant une premiere puissance 
optique fonction de la longueur d'onde du pre- 
mier faisceau optique, 

un premier detecteur de puissance (3) pour 66- 
tecter la premiere puissance optique, 
un second composant optique (E2) dispose 
dans le premier faisceau optique ou dans une 
partie de celui-ci, pour g6n6rer un troisfeme 
faisceau optique ayant une seconde puissance 
optique qui est fonction de la longueur d'onde 
du troisi&me faisceau optique, avec pour effet 
que les premiere et seconde puissances opti- 
ques osciltent pgriodiquement avec une lon- 
gueur d'onde croissant et le troisfeme faisceau 
optique est retard^ par rapport au second fais- 
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ceau optique, 

un second detecteur de puissance (4) pour d6- 
tecter la seconde puissance optique, et 
un dispositif d'attribution pour attribuer la lon- 
gueur d'onde au premier faisceau optique sur 
la base du rapport de la premiere puissance op- 
tique & la seconde puissance optique. 

Ondem&tre selon la revendication 1 , dans lequel le 
premier composant optique est un premier etalon 
(E1 ), et le second composant optique est un second 
6talon (E2) retardant le troisfeme faisceau optique 
par rapport au second faisceau optique. 

Ondem&tre selon la revendication 1 ou 2, dans le- 
quel le dispositif d'attribution comprend un proces- 
ses de donnSes pour comparer le rapport de la pre- 
miere puissance optique h la seconde puissance 
optique avec la d6pendance sp6cifique de la puis- 
sance optique a la longueur d'onde du premier com- 
posant optique (1 ) et qui attribue la longueur d'onde 
correspondant h la puissance optique d^tectee. 

Ondemfetre pour attribuer une longueur d'onde au 
premier faisceau optique comprenant : 

un composant optique bir£fringent, tel qu'une 
plaque de retard (1 ) ou une plaque d'onde, dis- 
pose dans le premier faisceau optique ou dans 
une partie de celui-ci, pour g6n6rer un second 
faisceau optique ayant une premiere polarisa- 
tion et une premiere puissance optique et un 
troisi&me faisceau optique ayant une seconde 
polarisation et une seconde puissance optique, 
avec pour effet que les premiere et seconde 
puissances optiques sont fonction de la lon- 
gueur d'onde du premier faisceau optique et 
oscillent periodiquement avec une longueur 
d'onde croissante et le troisieme faisceau opti- 
que est retard^ par rapport au second faisceau 
optique, 

un premier detecteur de puissance (3) detec- 
tant 1a premiere puissance optique, 
un second detecteur de puissance (4) detec- 
tant la seconde puissance optique, et 
un dispositif d'attribution pour attribuer la lon- 
gueur d'onde au premier faisceau optique sur 
la base du rapport de la premiere puissance op- 
tique & la seconde puissance optique. 

Ondemfetre selon I'une quelconque des revendica- 
tions pr£c£dentes 1 & 4, dans lequel au moins un 
des premier et second d6tecteurs de puissance est 
un photodetecteur, tel qu'une photodiode (3). 

Ondemfetre selon Tune quelconque des revendica- 
tions pr6c6dentes 1 & 5, dans lequel le retard cor- 
respond & un d6phasage du second faisceau opti- 
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que par rapport au troisieme faisceau optique de n/ 
4 du champ electrique. 

Disposition pour I'ajustement de la longueur d'onde 
d'une source optique (30), comprenant : 5 

un ondemetre selon Tune quelconque des re- 
vendications 1 & 6, 

un comparateur (32) pour comparer ta longueur 
d'onde attribuee par I'ondemetre au premier io 
faisceau optique k une longueur d'onde prede- 
fine, et 

un controleur (33) pour commander la source 
optique (30) pour generer un faisceau optique 
ayant la longueur d'onde predefinie sur la base *5 
du resultat de la comparaison effectuee par le 
comparateur (32). 
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